Abstract. Looking for phenomena beyond the Standard Model (SM) in rare decays is a complementary approach to direct searches for New Physics (NP) at colliders. One of the theoretically cleanest processes is the ultra rare decay K + → π + νν. The goal of the NA62 experiment at CERN SPS is to measure the branching ratio (BR) of this decay with 10% precision. The experiment has been launched in 2014. In 2015, the detector was commissioned at a low intensity beam. The experimental setup is described and performances achieved in 2015 are discussed in view of the final measurement.
. Box and penguin diagrams contributing to K → πνν decays.
Within the SM, BR theoretical values contain CKM matrix elements as external inputs. These elements give the largest uncertainty to the BR. Using tree-level observables, one obtains [1, 2] :
BR(K L → π 0 νν) = (3.4 ± 0.6) × 10 −11 .
These values are not polluted by contributions from the NP and hence are suitable for a NP search as a deviation from the SM BR value. More precise calculation with the loop-level measurements of the CKM elements assumes the absence of NP and provides the best accuracy for further recalculation of CKM elements from the comparison of theoretical and experimental BR values:
K → πνν decays are very sensitive to NP. The largest contribution to the BR could come from models with new sources of flavor violation [3, 4] . The 10% precision measurement of the BR will allow to probe NP at mass scales up to 100 TeV.
The only experimental measurement in the charged mode based on the observation of 7 events and decay-at-rest technique has been performed by the E787 and E949 experiments [5] , while for the neutral mode there is only an upper limit on the BR from the E391 collaboration [6] :
NA6experiment
The NA62 experiment plans to collect 10 13 kaon decays in the fiducial volume which corresponds to ∼100 SM events of K + → π + νν with ∼10% acceptance. The detailed description of the NA62 apparatus can be found in [7] . The schematic view of the setup is shown in Fig. 2 .
A proton beam from CERN SPS (400 GeV/c) impinging on a Beryllium target produces a secondary hadron beam of 75 GeV/c with ∼6% of K + . Kaons are identified by the CEDAR detector (KTAG), a differential Cherenkov counter which combines high identification efficiency (at least The RICH detector aims at separating secondary pions from muons at the level of 1% (muon contamination in the pion sample) in the momentum range 15-35 GeV/c. A good time resolution (below 100 ps) is necessary both for time matching of two tracks (primary and secondary) and for providing a signal for the L0/L1 trigger. The charged particle hodoscope (CHOD) consisting of 128 scintillator slabs arranged in 2 planes (horizontal and vertical) measures the track crossing time with ∼200 ps resolution and also contributes to the L0 trigger.
The photon veto system covers the angular range up to 50 mrad and includes 4 detectors: LAV (12 stations operated in vacuum, made of lead glass blocks and covering the angular region from 8.5 to 50 mrad), LKr (liquid Krypton calorimeter from the NA48/2 experiment, vetoing the region from 1 to 8.5 mrad), IRC and SAC (small angle calorimeters covering the angular region <1 mrad). The rejection power of the veto system should be ∼10 8 for decays with π 0 in the final state. The CHANTI detector placed after the GTK3 identifies upstream inelastic interactions and muon halo. The iron/scintillator calorimeters (MUV1, MUV2) provide further pion/muon separation. Together with the RICH, this separation (muon mis-ID) should be ∼10 −7 . A fast muon veto MUV3 (iron wall followed by 5 cm thick scintillator, the light is detected by PMs) identifies muons and provides L0 trigger signals.
Analysis strategy
The signal detection principles are driven by the low BR of the decay (and hence a huge background), weak experimental signature (one primary and one secondary track) and the required background level (∼10%). This leads to the following strategy:
• high beam intensity and fast timing;
• decays-in-flight technique;
• kinematic reconstruction and efficient particle identification (PID);
• efficient veto system.
The main kinematic variable used in the analysis is the missing mass squared: m
πK . Here P K and P π are kaon and pion 4-momenta, p K and p π are their 3-momenta and θ πK is the angle between two particles in the laboratory frame. Fig. 3 shows the distribution of this variable for the signal and backgrounds. Two signal regions are constrained by the main background from the decays K + → μ + ν μ (on the left), K + → πππ (on the right) and K + → π + π 0 (a peak from this decay splits the signal region into 2 halves). Kinematic cuts on the m 2 miss allow to reject ∼90% of background events. Further suppression is done by the veto system and PID.
Preliminary results of the 2015 run
The main goal of the 2015 run was to check the detector performances and the data quality. The data were collected at low beam intensity (∼10% of the nominal), the single-track selection criteria were close to those of the final measurement of the BR(K + → π + νν):
• one primary track in GTK;
• one secondary track in STRAW;
• reconstructed vertex within the decay region;
• energy deposit in LKr;
• hits in the RICH and CHOD;
• spatial matching (STRAW-CHOD, STRAW-LKr);
• time matching (GTK-RICH-CHOD). found to be 1.2×10 −3 close to the design value 10 −3 . The resolution as a function of momentum is shown in Fig. 5 .
The identification of secondary charged particles is done in the RICH detector. Fig. 6 illustrates the dependence of the Cherenkov ring radius on the momentum for the single-track selection. The pion-muon separation is based on the difference in ring radii for π and μ. It was measured by selecting a pure muon sample from K + → μ + ν μ decay and a pion sample from K + → π + π 0 decay. In the momentum range between 15 and 35 GeV/c the required muon contamination of 1% was achieved at the 80% pion ID efficiency.
The photon veto system is designed to suppress decays with photons in the final state. For photons from π 0 decays the rejection power provided by LAV, LKr, IRC and SAC detectors should be at least 8 , or, in other words, the veto inefficiency for photons with energy above 10 GeV should not exceed 10 −5 . The π 0 veto inefficiency measured from the K + → π + π 0 decay is shown in Fig. 7 . The amount of statistics recorded in 2015 limits this measurement to 10 −6 (90% CL).
Conclusion
The NA62 experiment plans to collect ∼100 events of the ultra rare decay K + → π + νν in 2016-2018. In 2015 run the setup performance was studied using the data collected at low beam intensity. The results demonstrate that the experiment is approaching the design sensitivity.
